The difficulties of access and detailed measurements of land surface temperature (LST) and water surface temperature (WST) especially in wetlands made the use of remote sensing data as one of the sources and techniques to estimate many climate elements including surface temperature and surface emissivity (ɛ). This study aims to estimate the surface temperature of the wetland of Lake Oubeira located in northeastern Algeria and their spatiotemporal evolution in both land and water. Landsat OLI-TIRS images in two dates (April and September 2016) obtained from the USGS have been used in this work, and forms the basis of a series of operations to obtain the final LST: development of the normalized difference vegetation index (NDVI), conversion of the digital number (DN) of the thermal infrared band (TIR) into spectral radiance as well as the calculation of the effective luminosity temperature of the sensor from the spectral radiation and surface emissivity (ɛ).
INTRODUCTION
Wetland assessments have identified a total number of 1,497 wetland sites in 2006, which are distributed in 52 habitat types [SAIFOUNI 2009 ]. Dams, sebkhas and lakes represent the most important habitat in Algeria. The majority of Algerian wetlands are continental, and are abundant in the North-East of the country. The Algerian sites included in the list of the Ramsar Convention on Wetlands of International Importance [CAESSTEKER 2007] , are 26 of the 250 wetlands listed between 1982 and 2002, one of them Lake Oubeira (registered in November 1983) . Lake Oubeira, the subject of this study, is located in northeastern Algeria. This lake was completely drained at the end of the summer of 1990 as a result of major pumping operations to supply drinking water and a dry year season [MOUISSI, ALAYAT 2016] .
Land surface temperature (LST) is a climate element that plays an important role in the monitoring of spatiotemporal water evolution and its effects on the ecosystem throughout the region, so that a number of mathematical equations and algorithms have been found and designed to estimate the values of the earth's surface temperature. The methods used to estimate this parameter are based on data obtained from meteorological stations or other data sources where the area has no such station, remote sensing data is one of the sources and techniques used to estimate many climate elements including LST. The thermal mapping can provide a discrimination between the temperatures of seawater and water polluted by uncontrolled human activity [FAOUR et al. 2004] . The modelling of the energy balance equation by SEBAL (surface energy balance algorithm for land) is based on the surface parameters derived from the satellite sensor, namely the emissivity surface, vegetation index and surface temperature [BASTIAANSSEN et al. 1998; BASTIAANSSEN 2000; MEHOR et al. 2009; MOLNÁR 2016] .
The main objective of the present study is to estimate the temperature of the land surface of the Lake Oubeira basin and their spatiotemporal evolution at both soil and water using SEBAL algorithm and the Landsat 8 OLI--TIRS satellite image. Remote sensing by thermal infrared bands (TIR) permits the collection, analysis and modelling of environmental parameters. It is used to calculate the land surface temperature (LST), which is an important factor in many environmental processes, including global warming or heat islands.
MATERIAL AND METHODS

STUDY AREA
The Oubeira watershed is located 5 km South-West of El Kala and 54 km East of Annaba. It is located in the wilaya of El-Tarf in the extreme North-East of Algeria, at the Tunisian frontier ( Fig. 1) . Lake Oubeira has an average area of 2,100 ha and a perimeter of about 20 km, and is source: own elaboration located in a watershed of 8,500 ha. The Oubeira is an almost circular basin with no flow towards the sea (it is an endorheic system); land in the watershed is shared between the forest estate where private plots are scarce, and largely privately owned agricultural land used mainly for groundnuts, market gardening and grazing [MESSERER 1999 ]. The Oubeira is a permanent freshwater lake. It is a basin with a more or less flat bottom slightly inclined towards the North, of natural origin having a maximum depth of 4 m, the average depth being 1.24 m. This first depth is the roof of a layer of mud whose average depth is 1.30 m and a maximum value of 2.50 m. The bottom of the latter constitutes the real substratum of the lake with a concave shape inclined towards the South-West. The lake contains a volume of silt of 30.2 mln m 3 , but its volume of water varies according to the season [ALAYAT et al. 2009 ]. In summer, the lake contains a volume of water around 22 mln m 3 with an average depth of 0.96 m and in winter water can reach 32 mln m 3 with an average depth of 1.24 m.
The geology of the region is very complex because of numerous overlapping surfaces and faults which have had numerous replayings and disturb the successions of essentially sedimentary formations, especially during the alpine phases [DURAND DELGA 1969; JOLEAUD 1936; RAOULT 1974; VILA 1980] . The substrate is entirely composed of Tertiary-sized Numidian clay, with the presence of Quaternary deposits all around the lake. The silty alluvium of the Quaternary valley floor is located southeast of the lake.
Lake Oubeira drains the watershed in its centre through four wadis, the main one being the Wadi Messida to the South-East, which collects floodwater from the Wadi El--Kebir North of El-Tarf. In summer, the hydrological system operates in the opposite direction, giving this wadi the characteristic of flowing in both directions (tributary and emissary). Other tributaries of the lake are the Wadi Demnet Errihane in the North, the Wadi Boumerchene in the North-East, the Wadi Degrah in the East and the small tributaries of the surrounding hills, which form riparian forests. Oubeira is an endorheic lake that serves as a reservoir to control the sometimes spectacular floods of the El-Kebir River. In addition, it receives sediments from the watershed transported by floodwaters [BOUCHEHED et al. 2017] .
Groundwater supplies water bodies through resurgences in streams and an underground flow.
The region of El-Kala, is placed in a subhumid climate with warm winter and permanent winds dominating North--West. The average annual rainfall is between 700 and 800 mm and is mainly from early October until the end of March. The region is characterized by two seasons, one dry from May to September and the other wet from September to April. The temperature of the water varies from 8.8 to 15.2°C in the month of January. The average air temperature, calculated over a period of 30 years from 1987 to 2016 is 17.50°C with 11.65°C for January the coldest month and with an average of 25°C in August which is the hottest month. The average evaporation is 74.15 mm, with a maximum of 152.08 mm and a minimum of 22.47 mm. The waters of the lake are very turbid, especially in winter (1.0-1.5 m Secchi disc in 1976) with a pH ranging between 8 and 10.65.
Landsat 8 uses two distinct imaging payloads. The Operational Land Imager (OLI) covers the visible and near-infrared (VNIR) and shortwave infrared (SWIR) portions of the spectrum, while the Thermal Infrared Sensor (TIRS) adds two long-wave thermal spectral channels, one centered at 10.9 μm (band 10) and a second centered at 12.0 μm (band 11). Data from both instruments is combined to create integrated Landsat 8 image data products (Tab. 1). The guarantee of the geometric registration of OLI and TIRS data is essential to the quality of the Landsat 8 product. Thermal infrared remote sensing consists in measuring the radiative energy emitted by the earth's surface, which makes it possible to deduce the surface temperature. Therefore, by detecting the emitted radiation, it is possible to map small changes in temperature at the sea surface and identify thermal anomalies [JENSEN 2000 ]. Most of the work done in recent years has resulted in maps of the surface temperature of a spatially resolved body of water with the OLI-TIRS sensor data. The 2 bands 10 and 11 of the LANDSAT-8 satellite TIRS sensor are designed to detect the land surface temperature. 
WATERSHED DELINEATION
Study area landscape, which includes drainage subbasins and topography, was a very important consideration in creating thematic maps. Topographical map using Shuttle Radar Topography Mission Digital Elevation Model (SRTM 1 Arc_Second) at 30 m spatial resolution was used as main data source. After importing the DEM file scene "n36e008" into ArcMap, the first step is projected DEM into a coordinate system in which the horizontal units of the x y coordinates are in meters, not degrees. DEMs are based on watershed realization using the "Spatial Analyst tools" computational watershed application, wherein the highest sensitivity zones could be extrapolated [METZ et al. 2011] . It is important to remove all depressions or sinks in the elevation grid from the DEM layer using the "Fill" function of the "Hydrology toolbox", Sinks in elevation data are most commonly due to errors in the data. These errors are often caused by sampling effects and the rounding of elevations to integer numbers [METZ et al. 2011] . The "flow direction" raster is generated from the DEM, shows the actual direction of water flow. To create a stream network, use the "flow accumulation" tool to calculate the number of upslope cells flowing to a location [BOUGUERRA et al. 2017] . "Flow Accumulation" defines a Stream Network by use the "Stream to Feature" tool in ArcGIS to convert the grid to a linear vector file (shapefile). Extract Stream orders, run "Snap Pour Point" to snap the pour points to the nearest point of highest flow accumulation (outlet used in a watershedding operation). Delineate watersheds using the "Watershed" function of the "Hydrology" toolbox. Convert the Watershed layer from a raster to polygon (vector) format before assigning their attributes in the next section of the methodology like a mask (Fig. 2) . We used the approach for processing Landsat images as provided in SINGH et al. [2014] . The digital number (DN) values were first converted to radiance and then to reflectance. The land surface temperature (LST) values were derived from Landsat 8 thermal data, specifically TIRS bands 10 and 11. For this purpose, the SEBAL approach incorporated a set of algorithms composed of commonly used calibration steps and atmospheric correction techniques (Fig. 3) .  Conversion OLI to TOA reflectance:
OLI band data can also be converted to Top Of Atmosphere (TOA) planetary reflectance using reflectancerescaling coefficients provided in the product metadata file (MTL file). The following equation is used to convert DN values to TOA reflectance for OLI data as follows [BARSI et al. 2014] :
Where: ρ λ ' = TOA planetary reflectance, without correction for solar angle -note that ρλ' does not contain a correction for the sun angle; M ρ = band-specific multiplicative rescaling factor from the metadata (Reflectance Multi Band x, where x is the band number); A ρ = band-specific additive rescaling factor from the metadata (Reflectance Add Band x, where x is the band number); Q cal = quantized and calibrated standard product pixel values (DN). TOA reflectance with a correction for the sun angle is then:
( 2 ) Where: ρ λ = TOA planetary reflectance; θ SE = local sun elevation angle -the scene center sun elevation angle in degrees is provided in the metadata (sun elevation); θ SZ = local solar zenith angle -θ SZ = 90° -θ SE .
For more accurate reflectance calculations, per pixel solar angles could be used instead of the scene center solar angle, but per pixel solar zenith angles are not currently provided with the Landsat 8 products.  Surface emissivity (ε)
The surface emissivity is a factor that describes the efficiency of an object radiates energy in comparing with brightness temperature [REUTTER et al. 1994 ]. TIRS band data can be converted from spectral radiance to brightness temperature using the thermal constants provided in the MTL file [UGUR, GORDANA 2016]:
( 3 ) Where: T b = black body temperature at satellite (K); K 1 and K 2 = calibration constants for Landsat-8 thermal bands (Tab. 2), L λ = spectral radiance (W•(m 2 •sr•µm) -1 ), and is calculated by the following equation [WENG, SCHUBRING 2004] :
To compute the land surface temperature, the black body temperature is corrected with respect to the surface emissivity (ɛ) values. The surface emissivity is a factor that describes the efficiency of an object radiates energy in comparing with black body. The values of emissivity are estimated from NDVI and LAI as follows: Where NDVI > 0, otherwise is assumed to be zero (e.g. water).
For LAI < 3.0, ε = 0.98 when LAI > 3. For water, NDVI < 0 and surface albedo < 0.47, ε = 0.985. For snow, NDVI < 0 and surface albedo ≥ 0.47, ε = 0.985.
 Normalized difference vegetation index (NDVI)
The NDVI is the ratio of the differences in reflectivities for the near-infrared band (B5) and the red band (B4) to their sum [LAOSUWAN, UTTARUK 2017; SIERRA-SOLER et al. 2015 ]:
(7)
Where B5 and B4 are reflectivities for bands 5 and 4 and are found in the output file. The NDVI is a sensitive indicator of the amount and condition of green vegetation. Values for NDVI range between -1 and +1. Green surfaces have a NDVI between 0 and 1 and water and cloud are usually less than zero.
Soil adjusted vegetation index (SAVI) need to be calculated first.
The SAVI is an index that attempts to "subtract" the effects of background soil from NDVI so that impacts of soil wetness are reduced in the index. It is computed as [HUETE 1988 ]:
Where L is a constant, which depends on the area properties, L ≈ 0.5 is used.
 Leaf Area Index (LAI)
The LAI is the ratio of the total area of all leaves on a plant to the ground area represented by the plant. It is an indicator of biomass and canopy resistance. LAI is computed for southern Idaho using the following empirical equation [ALLEN et al. 2002; 2007] :
.
. .
(9)
 Corrected thermal radiance (R c )
The corrected thermal radiance from the surface (R c ) is calculated following [WUKELIC et al. 1989 ] as: 1
Where: L NB = the spectral radiance of bands 10 and 11 (W•(m 2 •sr•µm) -1 ); R p = the path radiance in the 10.4-12.5 µm band (W•(m 2 •sr•µm) -1 ); R sky = the narrow band down-ward thermal radiation for a clear sky (W•(m 2 •sr•µm) -1 ); τ NB = the narrow band transmissivity of air (10.6-12.5 µm). Unit for R c is W•(m 2 •sr•µm) -1 .
The corrected thermal radiance (R c ) using mean values for path radiance, narrow band downward thermal radiation, and narrow band transmissivity of air [WUKELIC et al. 1989 ].
In the absence of values for these terms, they can be ignored by setting R p = 0 and τ NB = 1 and the R sky term can also be ignored by setting R sky = 0. This converts R c into an uncorrected radiance (L NB ). Fortunately, the effects of the three parameters on R c are largely self-canceling. However, the result of no correction to L NB will be a general underestimation of surface temperature (LST) by up to about 5°C for warmer portions of an image.  Land surface temperature (LST) LST is computed using the following modified Plank equation [ALLEN et al. 2007 ]:
Where: R c is the corrected thermal radiance from the surface; K 1 and K 2 are constants for Landsat images (Tab. 2). Units for R c must be the same as those for K 1 .
RESULTS AND DISCUSSION
SPATIAL DISTRIBUTION OF LAND USE SURFACE TEMPERATURE (LST)
The results of the estimations for the SEBAL model were evaluated with maps of the spatial distribution of surface temperature (LST). The derived LST values show surface temperature between 16 and 31°C in April (12.04.2016) and between 24 and 41°C in September (03.09.2016).
The estimated LST map (Fig. 4a ) revealed a spatial variation between surface temperature values as a function of the existing land cover in the spring. This map shows that water surfaces have the lowest temperatures (16-21°C) while bare soils have high temperatures (25-31°C) as well as vegetation, and urban surfaces have intermediate temperatures (20-26°C) .
As a result, it indicates which surfaces have a high absorption factor in the visible. Dark surfaces reach higher equilibrium temperatures than surfaces with a lower absorption factor (which are therefore clearer). Figure 4b presents a spatial temperature (LST) variation map in the fall season with temperatures ranging from 24 to 41°C depending on the type of existing land cover. This map shows that water surfaces always have the lowest temperatures (24-30°C) and bare soils have high temperatures (35-41°C) as well as vegetation and urban surfaces have the temperatures intermediates (from 30 to 36°C).
This indicates that the land cover areas have almost the same solar-ray absorption behaviour with respect to the change of season (same spatial distribution) with an increase of the temperature of each surface from 8 to 9°C between April and September. The interval of each map shows an increase of 2°C, 15°C to April and 17°C to September. The surface temperature of Lake Oubeira shows a spatial variation of 19 to 25°C in April (high water period) indicating an interval of 6°C (Fig. 5a ). This distribution of temperature decreases from the periphery with temperatures from 22 to 25°C by very shallow and wet soils, to the center of the lake. The latter also shows a spatial variability that is relatively high from East to center (from 20.0 to 21.5°C) and surrounded by temperatures <20°C.
In September the spatial variation of the LST is 26 to 34.5°C with an interval of 8.5°C (low water period) - Figure 5b . In the periphery it is from 20 to 34.5°C and going towards the center there is always some variability that comes with a relatively high temperature (from 27.5 to 29°C) from the east to the center of the lake. It is surrounded by the lowest temperatures of 26 to 27.5°C.
This indicates that the surface water temperature of Lake Oubeira has an almost similar spatial behaviour in both seasons, with an increase in the temperature of each surface of approximately 8°C between April and September, as well as the interval each map is 15°C to April and 17°C to September.
This spatial distribution of lake surface temperature is the result of landforms and forests around the lake as well as climatic conditions by temperature and wind speed and direction. Wind-induced lake currents play a key role in 
CONCLUSIONS
It is difficult, in particular in wetlands, to measure the temperature of the earth's surface in a detailed way. Environmental satellite data is an efficient and inexpensive way to estimate the surface temperature of a region. This research aims to show the contribution of remote sensing in studying the temperature of the land surface of Lake Oubeira.
The results show that the temperature of the earth's surface varies over space and time. This is one of the important parameters for studying the distribution of temperature in both soil and water. In vegetation cover, the absorption of the equilibrium temperature depends on the optical properties of the surface, dependent on its water content, colour and morphology.
The study showed that the recovery of land surface temperature (LST) from surface emissivity and normalized difference vegetation index (NDVI) has a spatiotemporal variation over time depending on land use and even the lake water surface of 2,100 ha, as a consequence of the currents induced by the wind as well as the reliefs and forests around the lake.
